Abstract -In this paper, a reconfigurable filter is realized using electromagnetic bandgap structures (EBG) which can be switched from bandpass to bandstop filter at the same frequency by PIN diodes. A unit model for the reconfigurable filter is derived by equivalent circuit approach and full wave electromagnetic simulation is used for extracting the values of the lumped elements. The extracted parameters show that the bandpass and bandgap effect of the EBG cells. The dispersion diagram is obtained for the structure by combining the commercial software and the Floquet's theorem. The PIN diodes are used to switch from bandpass to bandstop filter. The measurement results show that the insertion loss in bandpass filter is around 2.1 dB and the 3-dB bandwidth is around 5.2 GHz which is suitable for wideband applications. For the bandstop filter, the 20 dB rejection bandwidth is 5.3 GHz and the insertion loss in the pass band is 1.6 dB.
I. INTRODUCTION
In modern communication systems, a single filter cannot perform the requisites for all operating bands. The use of multiple filters occupy a large surface area, therefore tunable filters constitute an interesting solution to this problem. Tunable filters uses semiconductor varactor diodes [1] and now recent work is concentrated on the development of tunable bandpass filters based on microelectromechanical systems (MEMS) [2] - [4] . RF MEMS tunable filters have demonstrated advantages over the other switching and varactor devices such as lower loss, low power consumption and high Q. However for frequencies below 10 GHz, PIN diode and varactor diodes still show Q > 50 with reduced cost, easier packaging and lower bias voltage.
Electromagnetic bandgap (EBG) are the periodic structures which exhibits frequency selective behavior similar to carrier transport in semiconductors. EBG structures are useful for constructing filters including bandstop filters and low-pass filters. EBG structures can be patterned on the microstrip transmission line on the ground plane [5] or the coplanar waveguide (CPW) EBG structures with rectangular aperture patterns etched on the ground plane and located adjacent to the gap between the signal and ground [6] . CPW Fig. 2 An equivalent parallel LC circuit is used to model the EBG structure with red dotted lines as shown in Fig. 3 . It consists of a series inductor, parallel capacitor and a resistor. From a practical point of view, the unit cell structure can serve as a replacement for the parallel LC resonant circuit in many applications. To apply the EBG cell to a practical circuit, it is necessary to extract the equivalent circuit parameters, which can be obtained from the simulation result of the unit cell structure. The lumped capacitance, C1 is mainly contributed by the transverse slot on the ground, while the inductance, L1 is related to the magnetic flux passing through the small square, a apertures on the ground. (4) The inductance can be determined by
where a, ws and ds (see Fig 1) are chosen as a = 2.46 mm, ws = 1 mm and ds = 0.6 mmto provide an example to the parameter extraction procedure. Table 1 . The circuit simulation result obtained using the equivalent circuit parameters is given in Fig. 4 Frequency (GHz)
Fig. 5 Comparison on parameter extraction and EM simulation results for the unit reconfigurable cell (whole structure)
B. Propagation Characteristics ofthe Unit EBG Cell
The propagation characteristic of the unit EBG is analyzed by the Floquet's theorem. By simply considering the unit structure, EM simulation result to the method proposed by [7] can be used to get the dispersion diagram. The propagation factor in this case is e-yA, where A = 9.8 mm is the period of the EBG structure, and y = o -j/i is the complex propagation constant. The Floquet's expression is given as, 
III. EXPERIMENTAL RESULTS AND DISCUSSIONS
The reconfigurable structure is fabricated on Taconic with dielectric constant of er = 10.2 and thickness of H = 0.7 mm as shown in Fig. 7 . Fig. 7 Fabricated structure of the reconfigurable filter
The reconfigurable structure is designed for 50 Q in CPW configuration, with a signal line width of W = 2.5 mm and the gap width, G = 0.6 mm . In order to show the validity of the equivalent circuit and the extracted parameters for the proposed unit cell, the reconfigurable filter is formed by cascading three unit cells as shown in Fig. 7 and Fig. 8 . The values of a, b, w5, and ds for designing the filter are same as presented in Table I . The PIN diode from Philips BAP 1321 is used for switching from bandpass to bandstop filter. It has low forward resistance and low series inductance. The bias line are designed for providing the DC voltage as shown in Fig. 7 . The measurement results are shown in Fig. 9 . It shows that when diode is off, then a band pass filter is operating at 7.3 GHz with an insertion loss of 2.1 dB. It has 3 dB bandwidth of 5.2 GHz and rejection greater than 35 dB.
When the diode is switched ON, the top transverse slot and bigger square slot, b will be shorted to ground, and it will show a bandstop characteristic. The measurement results for a bandstop show the resonant frequency at 7.3 GHz and it has insertion loss of 1.6 dB. The 20 dB rejection bandwidth is 5.3 GHz. In the results a spike in S21 curve at 6.9 GHz could be due to improper activation of PIN diode. 
IV. Conclusion

